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(57) ABSTRACT

An orthodontic archwire includes an anterior region, bicus-
pids regions and posterior regions. The archwire exhibits
substantially constant unloading force in at least one of the
anterior region, bicuspids regions and posterior regions,
having a variation of unloading force of less than 15 gf
during unloading from about 2 mm to about 0.6 mm
deflection. A set of orthodontic archwires can have the
property that the anterior region of a first archwire has
substantially the same clinical working force as the anterior
region of a second archwire, the bicuspids regions of the first
archwire has substantially the same clinical working force as
the bicuspids regions of the second archwire, and the pos-
terior regions of the first archwire has substantially the same
clinical working force as the posterior regions of the second
archwire.
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MULITFORCE ORTHODONTIC ARCHWIRE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a nonprovisional application of and

claims benefit of the filing date of provisional application
No. 62/137,456, filed Mar. 24, 2015.

BACKGROUND OF THE INVENTION

The present invention generally relates to appliances used
in orthodontics and more specifically to orthodontic arch-
wires used to provide forces to correct malocclusions
between the teeth 1n the dental arch.

An orthodontic archwire 1s provided to apply corrective
climical forces to a patient’s dental arch. The orthodontic
archwire with a single or multi curved plane fits into
orthodontic appliances such as brackets which are applied to
the patient’s teeth. The archwire material will generally be
supplied 1n a round, square, or rectangular cross-section. A
preformed archwire shape 1s selected for use based on the
optimal dental arch shape for the patient being treated. When
the preformed archwire 1s engaged 1n a patient with maloc-
clusions 1n the dental arch, forces are applied to the orth-
odontic appliances to align and level the patient’s teeth nto
the planned dental arch.

FIGS. 1A and 1B depict, 1n plan and perspective views,
respectively, a preformed archwire shape 10 and the three
sections of the archwire with incremental 1increases 1n force
4 within the three distinct areas—anterior teecth 1 (the
centrals, laterals, and cuspids; 1.e., the teeth in the front of
the dental arch), bicuspids 2 (the first and second bicuspids;
1.€., the teeth between the cuspids and molars), and posterior
teeth 3 (the molars; 1.e., the teeth 1n the back of the dental
arch). FIGS. 1C, 1D and 1E show three typical archwire
cross-sections, 1.e., respectively, round 6, square 7 and
rectangular 8 cross-sections.

In orthodontics, various appliances are used to correct
malocclusions of the teeth. During the treatment cycle, 1t 1s
quite often necessary to impart forces on the teeth to move
the teeth into their desired location. This movement of the
teeth 1s generally treated through a combination of appli-
ances with one of the most important being the orthodontic
archwire. The orthodontic archwire 1s secured within brack-
ets which are mounted onto a patient’s teeth. Prior art
orthodontic archwires have been limited 1n respect to their
ability to provide optimal clinical forces and corrective
measures to all areas within the dental arch simultaneously.
The result 1s many sequencing of wires to engage certain
teeth and not others or concerns that the necessary forces
required for larger teeth may impact the health of the smaller
Ones.

U.S. Pat. No. 5,044,947 to Sachdeva et al. 1s an attempt
to provide an orthodontic appliance made of a shape
memory alloy comprising of a nickel, titantum, and copper
composition which 1s formulated to provide the desired
loading and unloading forces to the bracket.

U.S. Pat. No. 5,683,245 to Sachdeva et al. discloses an
archwire made of a shape memory alloy having a preset
shape for exerting forces on teeth during orthodontic treat-
ment. The alloy, which preferably 1s comprised of at least
three elements (e.g., N1, T1 and Cu), has a transformation
temperature (A,) greater than about 25° C., whereby the
orthodontic archwire produces forces at normal mouth tem-
perature which are greater than the forces produced at
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normal room temperature. The orthodontic archwire also
preferably has a variable modulus of elasticity.

U.S. Pat. No. 5,259,760 to Orikasa also discloses an
orthodontic arch wire capable of exerting forces on the
dental arch that gradually vary in magnitude along the wire.

SUMMARY OF TH.

INVENTION

(L]

In one aspect of the present invention, an orthodontic
archwire includes an anterior region, bicuspids regions and
posterior regions. The archwire exhibits substantially con-
stant unloading force 1n at least one of the anterior region,
bicuspids regions and posterior regions, having a variation
of unloading force of less than 15 g during unloading from
about 2 mm to about 0.6 mm deflection.

The orthodontic archwire may exhibit substantially con-
stant unloading force in each of the anterior region, bicus-
pids regions and posterior regions, having a variation of
unloading force of less than 15 gf during unloading from
about 2 mm to about 0.6 mm deflection.

The orthodontic archwire may be made from an alloy
comprising copper, nickel and titanium.

The orthodontic archwire may be made from an alloy
comprising 4 to 8% by weight copper, 47 to 50% nickel and
44 to 47% titanium.

The orthodontic archwire may be made from an alloy
comprising copper, nickel, titanium and chromium.

The orthodontic archwire may be made from an alloy
comprising 47 to 50% by weight nickel, 44 to 47% by
weight titantum, 4 to 8% by weight copper and 0.1 to 0.5%
by weight chromium.

In another aspect of the present invention, a set of
orthodontic archwires comprising a {irst arch wire having an
anterior region, bicuspids regions and posterior regions, and
a second arch wire having an anterior region, bicuspids
regions and posterior regions, the first arch wire having a
different cross-sectional shape or a different cross-sectional
s1ze than the second archwire, wherein the anterior region of
the first archwire has substantially the same clinical working,
force as the anterior region of the second archwire, the
bicuspids regions of the first archwire have substantially the
same clinical working force as the bicuspids regions of the
second archwire, and the posterior regions of the first
archwire have substantially the same clinical working force
as the posterior regions of the second archwire.

The orthodontic archwire may be made from an alloy
comprising copper, nickel and titanium.

The orthodontic archwire may be made from an alloy
comprising 4 to 8% by weight copper, 47 to 50% nickel and
44 to 47% titanium.

The orthodontic archwire may be made from an alloy
comprising copper, nickel, titanium and chromium.

The orthodontic archwire may be made from an alloy
comprising 47 to 50% by weight nickel, 44 to 47% by
weilght titanium, 4 to 8% by weight copper and 0.1 to 0.5%
by weight chromium.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B depict, in plan and perspective views,
respectively, a preformed archwire shape and the three
sections of the archwire.

FIGS. 1C, 1D and 1E show three typical archwire cross-
sections, 1.e., respectively, round, square and rectangular
cross-sections.




US 10,575,929 B2

3

FIG. 2 shows the results of testing a 0.016"x0.022"
rectangular cross-section “Bioforce” nickel titanium wire
from Tomy K.K. of Tokyo, Japan by the 3 point bend test per
ISO 15841.

FIG. 3 shows the results of testing a 0.016"x0.022"
rectangular cross-section multi-force copper nickel titanium
archwire of the present invention using the 3 point bend test
per ISO 135841.

FIG. 4 shows the results of testing a 0.018" round
cross-section multi-force copper nickel titanium archwire of
the present invention using the 3 point bend test per ISO

15841.

DESCRIPTION OF THE INVENTION

Despite the archwires described in the Sachdeva et al.
patents and 1n the Orikasa patent, 1t would still be desirable
to provide an archwire having a more constant climical
working force or unloading force (1.e., the clinical force a
wire exerts after the wire 1s installed 1n the appliances
attached to the patient’s teeth) in each section and a more
constant clinical working force in each section independent
of the cross-sectional size.

The present invention 1s directed to orthodontic archwires
which provide optimal tooth moving forces at approprate
regions within the dental arch.

The mvention incorporates the unique ability of providing
comparable tooth movement forces even when a different
material size or cross-section 1s selected by the orthodontist
due to the unique case he/she 1s working on.

The present invention includes many archform shapes and
material sizes to address the variety of orthodontic cases.

In a preferred embodiment, the archwire of the present
imnvention 1s a “multi-force archwire,” 1.e., an archwire that
exhibits different clinical working forces 1n a plurality, e.g.,
three or more distinct regions along the orthodontic arch-
wire. This 1s also known as variable force archwire.

By combining copper with a nickel titanium alloy in
appropriate amounts, benefits are achieved by reducing the
differential between 1n the loading (engaging) and unloading
(working) forces. This reduction 1n span between the loading
and unloading force curves provides benefits such as lower
patient discomfort. Other benefits from the blend of alloys
include a more constant working force, consistent A tem-
perature, and a greater duration of optimal forces from the
patient loading to fully recovered state.

The copper nickel titammum alloy used for the archwire of
the present invention has a transtformation temperature (A
equal to or greater than 24° C. which allows the wire to be
in the martensitic or “soit” phase at room temperature, and
turns austenitic with a higher exerted force when placed 1nto
the oral cavity.

The forces produced by the archwire at body temperature
(approximately 37° C.) are at least 15% greater than the
forces produced at room temperature (20° C.).

The average unloading force regardless of material cross
section or area 1s preferably about 35 to 80 grams on the
anteriors, about 80 to 130 grams on the bicuspids, and 130
to 200 grams on the posteriors, more preferably about 50
grams on the anteriors, about 100 grams on the bicuspids,
and 150 grams on the posteriors. See ORTHODONTICS—
Prep Manual for Undergraduates by Sridhar Premkumar,
Elsevier, the content of which 1s incorporated herein 1n 1ts
entireties, for discussion of optimal tooth movement forces.
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The composition of the alloy used for the archwire of the
present imvention includes at least three elements, and the
composition ol each 1s 1n an amount of 3% or greater by
weight.

The composition of the alloy used for the archwire of the
present invention preferably includes nickel, titanium, and
copper 1n amounts of 47 to 50% by weight nickel, 44 to 47%
by weight titantum and 4 to 8% by weight copper, more
preferably about 49% nickel by weight, 45.1% titanium by
weilght, and about 5.9% of copper by weight. The compo-
sition may include nickel, titantum, copper, and chromium,
in which case, the composition preferably includes 47 to
50% by weight nickel, 44 to 47% by weight titanium, 4 to
8% by weight copper and 0.1 to 0.5% by weight chromium,
more preferably about 49% nickel, about 44.8% titanium,
5.9% copper, and 0.3% chromium. The term “about™ 1s used
to retlect that the alloy may contain incidental impurities or
trace elements. Generally, incidental impurities or trace
clements may be contained in an amount of up to 0.4% by
weight.

The application of continuous force applied to a tooth
surface results in remodeling of the alveolar bone, reorga-
nization of the periodontal ligament, and resulting tooth
movement. The magnitude of force 1s very important as high
force levels that exceed the capillary pressure within the
periodontal ligament can cause a restriction of blood supply
to the tissues, tissue mnjury, and premature cell death 1n the
tissues.

The typical archwire used 1n orthodontics 1s constructed
of a material with a single structural force along the entire
archwire length. This characteristic provides significant
challenges to the orthodontist as forces appropriate for the
posterior teeth are far too strong for the anterior and light
forces applied to the anterior may have no tooth movement
ellect of posteriors.

To address these 1ssues, the archwire of the present
invention provides the following benefits:

Ideal clinical forces are provided in each of the three
regions within the dental arch. Light forces are applied
to the anterior teeth, mid-range force to the bicuspids,
and stronger forces for the posterior teeth.

The addition of the copper element 1n the material reduces
the differential between the loading (wire engaging)
and unloading (clinical working) force curves which
improves the ease ol wire engagement for cases with
moderate to severe tooth misalignment. Other benefits
such as less patient discomiort and more consistent
tooth movement as a result of the wire maintain a
longer active force 1n the optimal force range.

The archwire of the present mvention can provide the
optimal force to the three regions in the dental archwire
even when the orthodontist requires a different wire
size and/or material cross section. As an example,
based on the needs for the particular case, the ortho-
dontist can apply a 0.016" round wire or a 0.017"x
0.025" rectangular wire, and the two parts will supply
equivalent forces 1n each region of the dental arch.
Prior to this invention, as the material size or cross
section 1ncreases, the forces provided by the wire will
typically increase. Smaller the cross section, lower the
force, larger the cross section, higher the force.

In the present mvention the orthodontic archwires are
thermally processed to achieve the desired force character-
istics (modulus of elasticity) along the archwire length.
Subsequent thermal processing of the archwire may be
performed to provide desired force characteristics (modulus
of elasticity) at specific zones within the dental arch such as
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the anteriors, bicuspids, and posterior teeth. The method of
thermal processing includes automated product movement
in the zone areas to prevent any uniavorable material
conditions within zone transitions that may have a detri-
mental eflect on clinical performance.

In one method of the present invention, the entire arch-
wire would be thermally processed to the proper force
(modulus of elasticity) for the zone which includes the
posterior teeth. This thermal processing would consist of a
heat treatment of about 350° C. to 575° C. for about 35
minutes to 60 minutes. Subsequent thermal processing will
be performed to achieve the desired force at the bicuspids,
and anterior zones with heat treatments of about 350° C. to
575° C. for about 5 minutes to 60 minutes in each of these
ZOnes.

The advantageous properties of the archwire of the pres-
ent invention will become apparent from the data described
hereinafter.

FIG. 2 shows the results of testing a 0.016"x0.022"
rectangular cross-section “Bioforce” nickel titanium wire
from Tomy K.K. of Tokyo, Japan by the 3 point bend test per
ISO 15841. ISO 15841 1s an International Standard for the
testing of wires for orthodontic use (titled: “Dentistry—
Wires for use 1n orthodontics™). As can be seen from FIG. 2,
which shows the load (gf) plotted against the deflection
(mm) during loading and unloading, the archwire has vari-
able forces at select arecas ol the archwire (posteriors,
bicuspids and anteriors). However, as shown 1n FIG. 2, the
force 1s not constant during unloading in any of the poste-
riors (curve 13), bicuspids (curve 14) and anteriors (curve
15) regions of the archwire. For example, in the posterior
region, the force varies from about 170 gf at about 2 mm
deflection to about 150 gf at about 0.6 mm deflection.
Similar variations are present in the bicuspid and anterior
regions. The double-headed arrow 12 above the unloading
curve depicts the drop 1n force as the wire returns from a
deflection of 3 mm to the 0 mm origin.

Thus, the “Bioforce” nickel titantum wire from Tomy
K.K. fails to provide sufliciently constant unloading forces.

On the other hand, as shown 1n FIG. 3, when testing a
0.016"x0.022" rectangular cross-section multi-force copper
nickel titantum archwire of the present mmvention (about
49.1% by weight nickel and 44.7% by weight titantum, 5.9%
by weight copper, 0.3% chromium) using the 3 point bend
test per ISO 15841, the results show substantially constant
unloading force (double headed arrow 11) of the copper
nickel titantum material blend promoting more uniform
tooth movement and malocclusion correction. By substan-
tially constant unloading force 1s meant a variation of
unloading force of less than 15 gf during unloading from
about 2 mm to about 0.6 mm deflection. Preferably, the
variation of unloading force 1s less than 5 g 1n the posterior
section (curve 13), 10 g in the bicuspid region (curve 14) and
15 grams 1n the anterior region (curve 15) during unloading
from about 2 mm to about 0.6 mm deflection, or 1n percent-
age of variation, preferably less than 20% on the anterior
region, 15% on the Mid or Bicuspid region, and 10% on the
posterior region.

Thus, 1t can be seen that the multi-force copper nickel
titanium wire of the present invention provides a longer
duration of constant tooth movement forces, which will
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result in a higher level of wire efliciency. The multi-force
copper nickel titantum wire of the present invention also
provides three distinct wire force regions with optimal
forces for each region of the patient’s dental arch.

FIG. 4 shows the results of testing a 0.018" round
cross-section multi-force copper nickel titanium archwire of
the present invention (about 49.3% by weight nickel and
44.2% by weight titantum, 6.2% by weight copper, 0.3%
chromium,) using the 3 point bend test per ISO 15841. The
results are similar to those 1 FIG. 3 and show substantially
constant unloading force (double headed arrow 11) of the
copper nickel titantum material blend promoting more uni-
form tooth movement and malocclusion correction.

By comparing FIGS. 3 and 4, 1t can be seen that two
distinctly different cross-section archwires of the present
invention, a 0.016"x0.022" rectangular wire archwire (FIG.
3) and a 0.018" round wire archwire (FIG. 4) provides the
substantially the same clinical forces (less than 5% differ-
ence 1 each region) required to promote optimal tooth
movement. The benefit of this invention 1s that 1t enables the
orthodontist to utilize the wire cross section of choice based
on the clinical case, and still provide the optimal tooth
movement forces. An example would be engaging a larger
cross sectional wire size earlier 1n the treatment cycle to fill
the bracket slot and perform leveling and aligning simulta-
neously.

The mvention claimed 1s:

1. A set of orthodontic archwires comprising a first arch
wire having an anterior region, bicuspids regions and pos-
terior regions, and a second arch wire having an anterior
region, bicuspids regions and posterior regions, the first arch
wire having a different cross-sectional shape or a diflerent
cross-sectional size than the second archwire, wherein the
anterior region of the first archwire has substantially the
same clinical working force as the anterior region of the
second archwire, the bicuspids regions of the first archwire
have substantially the same clinical working force as the
bicuspids regions of the second archwire, and the posterior
regions of the first archwire have substantially the same
clinical working force as the posterior regions of the second
archwire.

2. The set of orthodontic archwires according to claim 1,
wherein each of the first and second archwires 1s made from
an alloy comprising copper, nickel and titanium.

3. The set of orthodontic archwires according to claim 2,
wherein the alloy comprises 4 to 8% by weight copper, 47
to 50% nickel and 44 to 47% titanium.

4. The set of orthodontic archwires according to claim 1,
wherein each of the first and second archwires 1s made from
an alloy comprising copper, nickel, titanium and chromium.

5. The set of orthodontic archwires according to claim 4,
wherein the alloy comprises 47 to 50% by weight nickel, 44
to 47% by weight titamium, 4 to 8% by weight copper and
0.1 to 0.5% by weight chromium.

6. The orthodontic archwire according to claim 1, wherein
the first arch wire has a different cross-sectional size than the
second archwire.

7. The orthodontic archwire according to claim 1, wherein
the first arch wire has a different cross-sectional shape and
a different cross-sectional size than the second archwire.
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